Summary. An experiment is described in which spermatozoa were recovered from genital tracts of ewes either at the first oestrus following progestagen synchronization or at a normal oestrus.
INTRODUCTION
Two authors (Hancock, 1962; Anon., 1963) have postulated that an alteration in the pattern of distribution of spermatozoa in the female reproductive tractand hence in the numbers available for fertilization-may cause the lowered fertility often observed following progestagen treatment for the synchronization of oestrus in sheep and cattle. Experimental evidence for this was presented by the authors (Quinlivan & Robinson, 1967) , who found that the pattern of sperm recovery from the Fallopian tubes of the ewe was altered at the first 74 T. D. Quinlivan and T. J. Robinson post-withdrawal oestrus following synchronization with intravaginal sponges impregnated with a synthetic fluoro-progestagen (17a-acetoxy-9a-fluoro-ll/?-hydroxypregn-4-ene-3,20-dione; Cronolone, Searle). Highly significant differ¬ ences were obtained 24 hr after insemination-the approximate time of ovula¬ tion and fertilization in the ewe. Further, the insemination of numbers of spermatozoa within the range 80 to 500 million had little effect on the numbers recovered from the Fallopian tubes or on the fertilization rate of ova.
As the availability of spermatozoa in the Fallopian tubes is determined by the population in other divisions of the tract (Mattner, 1963 (Mattner, , 1966 , an experi¬ ment was conducted at the McCaughey Memorial Institute, Jerilderie, N.S.W., in January and February, 1967, to determine in which segment failure of transport, or survival, takes place, and the time relationships involved.
MATERIALS AND METHODS

Experimental conditions
One hundred and fifty 6-year-old ewes, plus two entire and five vasectomized rams were available. Of these, fifty progestagen-treated and fifty untreated ewes in oestrus were required.
Sixty ewes were treated for 16 days with intravaginal polyurethane sponges, 3-5 cm in diameter and impregnated, in the laboratory, with 30 mg Cronolone (Robinson, 1965) .
Fifty-four of the sixty progestagen-treated ewes (90%) exhibited oestrus: fifty were incorporated into the experiment.
Sponges were inserted into the first group of five treated ewes on 18th January and thereafter at the rate of five every other day for 24 days.
The fifty untreated ewes were drawn from the remaining flock of ninety, as they exhibited oestrus. Vasectomized rams, fitted with sire-sine harnesses and crayons, were joined with the ewes on 3rd February, the day the sponges were withdrawn from the first group of treated animals. Following removal of the sponges, treated and untreated ewes were run together and were inspected for oestrus twice daily at 06.00 and 18.00 hours. Oestrous ewes were inseminated as soon as detected, and were rotationally allocated into one of five groups, depending on the time of slaughter following insemination.
Inseminations were into the external cervical os and, to avoid any undue excitement in the period between insemination and slaughter, the ewes were run in a yard adjacent to the shed.
In order to check the relative times of insemination, examinations were made of the ovaries for follicular activity and of tubai flushings for number and stage of development of ova.
On each occasion of insemination, semen was collected from the two rams by using an artificial vagina. Each sample was examined for density and motility and the ejaculates pooled, the number of spermatozoa/ml estimated by haemocytometer counts, and the volume required to provide 500 IO6 spermatozoa determined. All ewes were inseminated with undiluted semen, all samples of which reached a minimum grading of 4 for both density and motility (Ozin, animals. By 12 hr, distinct differences had become apparent and these increased over the next 12 hr (Text- fig. 1 ). Overall, there were highly significant differ¬ ences in numbers of spermatozoa recovered attributable to synchronization of oestrus, time of slaughter and division of the genital tract (P<0-001), together with significant interactions between these factors (P<0-05 to P<0-001).
There was a much more rapid decline with time in the total numbers of spermatozoa recovered from synchronized than from non-synchronized ewes (Text- fig. 2 ).
Individual analyses of variance of data for each division of the genital tract showed significant effects of synchronization (P<0-01 to P< 0-001) and time of flushing (P<0-05 to P< 0-001) on the numbers of spermatozoa recovered. There were also interactions between synchronization and time which, except in the case of the ampulla, attained significance (P<0-05 to P< 0-001). These characteristics are illustrated in Text- fig. 3 .
Vagina. At 1 hr, the numbers of spermatozoa recovered from the vagina of synchronized and non-synchronized ewes were indistinguishable ( (Table 2 ). Thereafter the pattern was similar for both classes of ewe to that observed for the vagina (Text- fig.  3a, b) .
In non-synchronized ewes the cervical population remained high until 36 hr and was still substantial at 48 hr.
In synchronized ewes the numbers fell much more rapidly (P<0-001) and, following the initial large fall between 1 and 12 hr, there was no maintenance of a cervical population in the majority of animals.
Uterus. At 1 hr, the numbers of spermatozoa recovered from the uterus of synchronized and non-synchronized ewes were indistinguishable (Table 2) , but thereafter the pattern was markedly different (Text-fig. 3c ).
In non-synchronized ewes, there was a linear increase in mean numbers until 24 hr after insemination, followed by a linear decline to 48 hr.
In synchronized ewes, there was no such increase to 24 hr, but a steady decline. This difference was significant as shown by the significant quadratic component of the time effect (P<0-05) and the significant interaction between synchroni¬ zation and time: quadratic (P<0-05).
Isthmus, ampulla and total Fallopian tubes. The patterns in the segments of the tube were essentially similar and, in the non-synchronized but not in the synchronized ewes, closely mirrored changes in the uterus (Text- fig. 3, d, e, f) .
In non-synchronized ewes, there was a linear increase in mean numbers until 24 hr, followed by a linear decline to 48 hr.
In synchronized ewes, there was a slow increase to 36 hr-at which time the numbers were comparable to those in untreated ewes-followed by a decline.
The overall difference between the two classes of ewe was highly significant (P<0-001) as was the pattern of increase and decrease ( <0·001). The different pattern of accumulation of spermatozoa with time after insemination, as shown by the interaction between synchronization and time: quadratic, attained significance in the ampulla and total tube counts (P<0-05).
Distribution between animals of numbers of spermatozoa recovered There was an enormous variation in the number of spermatozoa recovered between animals within treatments. This is reflected by the differences between the arithmetic and logarithmic means in Table 2 , and is illustrated for the Fallopian tubes in Text- fig. 4 , in which the distributions are essentially similar to those reported earlier (Quinlivan & Robinson, 1967 Previous studies have indicated that successful sperm transport in the normal ewe is achieved by several events which follow coitus. There is the rapid establishment of reservoirs within the tract, presumably in the cervix (Mattner, 1966) , followed by a gradual release of spermatozoa so that adequate numbers 83 are available in the Fallopian tubes at the time of ovulation and fertilization. These concepts have been confirmed in this study with untreated cyclic sheep.
The importance of the vagina as a reservoir has not been defined. Evidence that it may play some role immediately after service has been provided by Krebhiel & Carstens (1939) and Akester & Inkster (1961) , who demonstrated that minute jets of radio-opaque fluid passed through the cervices of the rabbit doe during vaginal contractions. Although Noyes, Adams & Walton (1958) and Edgar & Asdell (1960) were unable to confirm this, they reported that radio-opaque media appeared to be forced against the cervix by vaginal contractions.
Our data support the view that the cervix is an important reservoir for spermatozoa. The rapid decline in cervical numbers between 1 and 12 hr after insemination must play a significant role in the establishment of adequate populations in the uterus and Fallopian tubes. Further, the stability of the cervical population between 12 and 24 hr probably involves replenishment over this period, for which the vagina is the only source. During this period the populations in the uterus and the Fallopian tubes are steadily increasing to their maximum at 24 hr.
The establishment of reservoirs other than in the cervix could be anticipated. (Quinlivan & Robinson, 1967) .
Spermatozoa may be lost from the genital tract in three ways : first, by voidance to the exterior from the vagina (Blandau & Odor, 1949; Austin, 1957; Reid, 1965a, b) ; secondly, by passage into the peritoneal cavity (Edgar & Asdell, 1960; Home & Thibault, 1962; Mattner & Braden, 1963) ; and thirdly, by phagocytosis within the tract (Chang, 1956; Austin, 1957 Austin, , 1959 Bedford, 1965; Reid, 1965a; Haynes, 1967 Smallwood & Sorensen (1967) and Quinlivan (1967) demonstrated apparent histological abnormalities in the endometria of progestagen-treated cattle and sheep at the first post-withdrawal oestrus. These were characterized by the persistence of degenerative changes which seemingly follow the waning of the corpus luteum in the normal cycle or the sudden cessation of exogenous proges¬ tagen treatment. Further, the mobilization of excessive numbers of polymorphonuclear leucocytes underlying the basement membrane, was also demon¬ strated. Moore & Robinson (1967) (Robinson, 1965; Robinson, Quinlivan & Baxter, 1968) . One factor appears to be the amount of progestagen absorbed, indicating the need for further studies on the effect of endocrine status at oestrus on the pattern of sperm transport and survival. It should be possible to manipulate this status, and hence the pattern of accumulation of spermatozoa in the Fallopian tubes, so as to increase or decrease the chances of fertilization without affecting ovulation.
